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(57) Abstract 

An equipment serving for regeneration of fluids, t>elng pirovided with an electrol>zer (9) and an active charcoal filter 

(22) , wherein the electrode system (14) of the electrolyzer (9) consists of plates arranged parallel with each other, of which 
every other sheet connected with each other constitutes the anodes (11) aiid cathodes (12) respectively^ each cathode (12) 
being extended upwards on its discharge-pipe side by a narrow strip (13).. the discharge pipe (17) connection being at the 
same l^vel as, and perpendicular to, said strips (13), wherein the connection of the admission pipe (16) of the liquid onto 
the electrode system is adapted in the vicinity of the discharge pipe (17) connection fenhest away from the electrolyzer, and 
viewed'from the diret^tion of the inlet pipe connection (1) toward the outlet pipe connection (2), the electrolyzer (9) comes 
fir^, and the active charcoal filter comes later, and a degassing assiembly (18). is inserted between them, further a zeolite filter 

(23) is installed after the active'charcoal filter (22). A measuring device for measuring the organic material and hypochlorite 
ion contents^ consisting of a vessel (60) with a liquid inlet (68) and a liquid outlet (69), a pin electrode (65), a polarizing 
electrode (66) and a reference electrode (67), wherein the polarizing electrode (66) is connected to a continuously variable 
potential supply unit (70). said liquid inlet (68) being arranged in the vicinity of the point (71) of the pin electrode (65). 
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(54) Titles EQUIPMENT FOR REGENERATION OF UQUIDS CONTAMiNAIED BY ORGANK: SUBSTANCES, MEASURING 
raVICB AND MEIHCID FOR MEASURING OF ORGANIC l^lEn^ 

(57) Abstract 

The invention relates to an 
equipment serving for legcneatation 
of fluids, primarily of dialyas 
fiqinids, contamin^ed widi oiganic 
materials, the eqaqnnent being 
provided widi an' electn^yser (9) - 

1 an active charcoal filter (22X 
whentn die electrode system (14) 
of dia electrolyser (9) consists o^ 
plates' axianged pandkl witb eadi 
otfao; of Yidddi eray odicr diDet 
connected widicadi dfacf cxiostitiitcs 
die anodes (II) and catfapdes :(12^ 
respectively, each cadiode (12) 
being eixtBiided upwaida on^ its 
discfaargi^P^)e side by a nanow 
str^ (13X die discharge (17) 
connecdon being at the same level 
as^ and perpendicular to, said stripes 
(t3X wherein the cnmection df die 
admisnoB-inpe (16) of die fiquid 
onto the deo^tode system is adt^ted 

m die vidniQr of die discharga>p^ (17) connecticni farthest away from die electrolyser, and viewed fircan die directon of die inlet pipe 
oamection (1) toward die oittlet-ittpe connection (2X the decttolyser (9) comes fiist, and die active charcoal filter comes later, and a 
dpgassmg assembly (18) is ioserted between diem, fodher a zeoHte filter (23) is mstalled after die active charcoal filter (22). The inventicii 
relates, farther, to a measoring device for measuring the organic material a^ hypoch]oiile-i(» contents, consisting <^ a vessel (60) with 
a Itqnid mlet (68) and a fiqoid ootlet (69X a pin electrode (6SX a polarizhig electrode (66) and a reference electrode (67X wherein the 
polarizing electrode (66) is connected Id a continaonsly variaUe potential supply unit (70X said liqui inlet (68) being ananged in die 
vjcbiQr of die point (71) of die inn electrode (65X KnaDy, die invcatioh also relates to a mediod for combmed nKasurement of organk 
matenal and hypoddontD-ioo contents. 




FOR TEE PURPOSES OF INFORMATION ONLY 



apsiBa^^^£i i^cf^ ^ ^ Ac PCT on tbe toot pages of pamt^ileis publishing international 



AT 


Amtili 


GB 




AO 


AnMBft 
Bubidot 




Ouiatt 


BB 


en 


BB 


iwigwui - 


GR 




BF 


BtuUuhW' 


HO 




B6 




IE 


Irelaad 


V 


Bedi,/-"- 


IT 


lialf 
.HiPO 


BS 




JP 




Bdm 


KB 


Xeqra 


CA 


GuiHh '. - . 


KO 


CT 




BP 


DtflBOcnflc ftofle't 


06 






of Kom 


CH 


Switzetittid >■ ■ 


K» 


R^oMe of Kom ■ 


a 


C6ie<rivob« 


KZ 




CM 




U 




GN 


ckiiui 


LK 




CS.:.- 




LO 




cz 




LV 


. Latvia .. 


DB ^ 




■ MC.. 




DK 




MD 


^pobDcofMoidimi 


ES'" 




MO 


.Madigaacar 


n 




ML 


Mdl 


FB 




MN 




GA* - 









MW MaM 

NB Nigs 
NL 
NO 
NZ 
PL 
FT 
BO 
RU 
SD 

SB Sweta 

SI Sloveaii 

SK Skf^aUM 

SH Senegal 

TD ana 

TC Tcfp 

IT lUiddadandTUb^ ^ 

UA Ukabie . 

US United Stitea of Ainofca 

VZ Utbckbtaa 

VN VkcKam 



WO95/02S59 



PCt/HD94/d002li 



EQraPMiWTFORREGEW^ LIQUIDS CONTAMINATED BY 

ORGANIC SUBSTANCES, MEASURINO DEVICE AND METHOD FOR 
MEASURING OF bkcANIC MATERIAL AND HYFOCHLORITE ION 

CONTENT 

5- 

TECHNICAL FIELD 

The invbntion relates to m equiimi^t by ibeans of which fluidi, such as a dialysis 
li^d, pofluted by or^c OTb^ 

electrolysing ctevice and an active charcoal filter. Fnrther, tfie iiivoitidn relates to a 
10 method and a signal transmitter suitable for combined measurement of organic 

substances and the hypodUorite^ion owjcehtrations by introducing the fluid containing 
the organic substance and hypodilorite ion into an dectrocbonical reservcMT 
containing a pm electrode, a polarizing electrode and a reference electrode and 
polarizbg tiie pm dedfode wiOi tfie polanzing dectrbde. 

15 

BACKGROUND ART 

In nuny fidds of rdatcd technology trouble is often caused by the water contaminated 
by organic substances. This manifests itself in some cases as a problem of 
environmental pollution or, in ofliw cases, as excesave water consumption. One of 
20 such ^edfic fields is the artifidai kidney treatment 

^ Itfa^ilcnown4i4ediatysisli(5iddco^^ 

present amount to about 150 t«^ 200 litets per treatmdrt, tfie waste liqiiid bdng 
discharged hrio the sewage system. (An except! Ui eqdpmditofth REDY 
25 system, whidi however, just fbr ibs same reason, is ihcipAle of furmahing all 
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2 

fiinictioDS provided by ofber types of artificial Udiieysqq^^ Regeneratioii of 111 
dialysis Uquid is importeiit not only fiom eqanomic aspects^ but also fiom that of 
environmental protection, and ndtber the important preliminary condition of 
r^enenittng fbe dialysis liquid used in preliminary artificial kidney treatment can be 
5 neglected in arid regions* 

The dialysis Uquid is a i^hysiolo^cal solution containing f^^ 

kidn^Xureay creatinine^ uric acid» phosphates, potassium eto.)« The main mass of 
toxips is represented by urea. Removal of these substances can be achieved by means 
10 of several methods, such as the use of sorbents of various kinds, electrochemical 

oxidation, diemical decomposing, and combinations therepE 

The method of using sorbents was widely used in the 60ies and 70ies, but tiie poor 
absorption of urea, even by active charcoal, has soon become evident Therefixre, in 
IS the REDY tnedxx), the use of soiboits was combined with previous deconaposition of 

urea into COj and NH, by en^mes,.and then, by adsorbing NH, by ziiconhim 
pho^bate. The phosphate content of the dialysis liquid is bound by zirconium oxide 
and otiior toxins by active charcoal 

20 To improve tiie efficien(^ of adsorption various methods have been developed. Kg. 

in Patent Specification JP-61-3060 combination of oxidized starch and an organic 
ccnnpoimd of faige molecule size has been ppoposed as adsorhmt, whereas, according 
Patent Specification SU-52273 tiie adsoibent is to be selected fiom the magneshrm 
silicate^ magnesium trisilicate, aluminium oxide group and, according to th proposal 

25 desqribedjn a Soviet autiipr's certificate SU-1012918, tiie active charcoal istreated 
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3 

^th a mctd of Ihe platin^^ g«mp qa^« of 0 *° ^ ^ ^ 
Patent S^fi«^on US-3;827.961 an electrically conductive adsoibent, e.g^ active 
d«mx«l. is employed which is energized by a voltage 1^ 



to enhance adsQipbon. 

From the many attempts to &d a solutito it can be 

«ui be achieved by adsoiption alotie. This is due to the difficult adsorption of urea, 
mably when also conqiounds consistfag of smsdler-sizeibolecules are present Hiat 
is why chemical and electrochemical methods have stepped mto the foreground. 



inPatcotSpedficationUS-3.827J»75 a mefliod has been presented where hypochlorite 
is added to the dialysis liquid after passmg itfluongji an active charcoal byer. Tbs 
hypoa>k»riteasst^ 

in areactor. Since the hypochlorite has atoxic efifect on ahnman organism, its dosing 
15 is conttoUedbyahypochloritesensormountedatfte reactor outlet 

A simflar diemical process takes place m the anangement proposed in US Patent 
Specifications 3.909.977 and 3.935.092 but ir» both cases Ae dialysis liquid is 
subjected to electrolysis after Ae active «*arcoal treatment, by which hypochlorite is 
20 reproduced by using the NaQ content of the liquid. Further on, flie process is 

identical with that ouUmed above. Here, by analogy, the electrolytic process is 
controlled by the hypochlorite sensor. 

Since with both methods, risk of hypochlorite remaining in the regenerated fluid 
25 exists, ascori)ic acid is added to neutralize aich residues. 
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Within e3q>enments with fhe electrolytic process it lias been found that by apptying 
low anode potential flie urea can be oxidized to form' a non toxic product, but this 
process takes place at a very slow rate. In US Patent Specifications 4.663.006 and 
4.846.950 cyclic polarization has been f»oposed, but this method is still too slow. 
Finally, the adoption of high anode pot^als proposed in author's certificate SU- 
4366630 has provided the sohition, by means of which direct oxidation of urea can be 
obtained abeady during the electrolytic process. On a platinum surface this takes place 
according to the following equation: 

(NHj^CO + HjO N2 + C02 + 6ir + 6e- 

This process, howev^, is associated with heavy hypochlorite-ipn segregation as 
consequence of chlorine-ion depo^tion on the anode, as shown here below: 

2a--^C^+2e- 
Clj +H20 = 0Ha+ir +CT 
2H20 + 2e -> Hi20- 
H0Cl + 20H -> aO +HjO 

The other anode process associated with the above is the segregation of oxygen. 

'" ■ . '.'»/,. . . ■ 

2H,0 0, + 4ir + 4e- 
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5 

Fhmifliedcscriptkm ft vrf^^^ caused by organic substances 

cannot be Mty elnranated by ttie adsoiptiim process, while the electrochcinical 
method raises a new problem resulting from the hypochlorite-ion fiamBtion. 

5 Whflto Ae hypofchlorite-ion formation represents the hardest problem, thi 
elcctrochifiiical process ocWWls a further dfawback. Direct wddatioii of the various 
oigjmc substances lakes place only at a spedfic a^^ 

i^aterial amcemed. As the adjustment of anode potential is characteristic of the 
contaminating substance present in the Ungest percentage (this bemg the urea m 
10 dialysis liquids), the otiier organic substances do not reach the stage of perfect 

bxida&n, but mteimediate coniponnds are formed. The molecules of these dqganic 
fiagmoits are of sm^cr size thah that <tf the origM substance. iWs causes concern 
because, as shown by experiisnce, the smaller a molecule, the hi^er its toxicity. 

15 To sum up: adsorption is not peifect, and withm electrolysis hypochlorite ions and 

toric organic fiagmenb iireformW. laws, the object ofthe invention is t^ 
metiioa eliminating this problem and being capable of performing perfectty tiie 
regenenition of Ae Uquid. The following recogmtion has led to the proper sphition. 

20 Although absorption preceding electrolysis removes part of the organic substances, ft 

is qiiite suretiuft Sevoal kmds of such poUulants get into the electrolyzing apparatus, 
s6 the formation of orgpanic fica^ients is Thereforei adsoiptiOTi before 

electrolysis can safely be omftted, whoreas the adsorption after the electrolysis is by 
all moms indi^ehsable. 
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Within elecbolyds not OD fonnatioii of hypochlorite ions, but also their 
t€^mbination can take place, acGoiding t^^ 
CIO +2ir + 2e- -^a+HjO 

5 Byldtmgtheliqpndtopassbetweaflieext^ 

electo^^ Ihehypochlorife ions can be r^^er^ed Unregenexated hypochlorite-ions 
step into reaction with the caibon of the active charcoal filt^, and CO, is released. 
Thus, tile adsorption after -electrolysis is of advantage also regarding binding the 
hypochlorite ion& 

10 

Witfiin :electrolysis, however, also a gas forn^mtion takes place in the liquid, which - 
as it is known - would impair the adsorption capability of the active diarcoal fitter. 
Their use in^inunediate saccession would reduce the efficiency of regeneration. 
Therefore, the fluid has to be degasified. 

finally, the use of zeolite filling in flie ion exchanger not only enhances regeneration, 
but it exchanges thepotasshsn ions by sodhiin ions that may haye got into the dialysis 
liquid. 

20 To keep under control the regenoating process of fluids contaminated wi A organic 

■■ mattery Le^ to prevent insufiBctent ranoval of oig^c ppUutipn or excessive formation 
of l^x>chlorite ions, a continuous cheddng of tiieir concentration is indispqisable. 

For measuring tite concentration of organic substances or, to be more precise, that of 
25 urea, accoiding to tibemeftods proposed by others, the measuring electrode rtSsrencc 
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electrode andpolariaBg electrode are each accommodated in S(q)arate vessels. The 
vessels are filled with electrolyte solution. The fluid to be measured is let to flow 
under the vessels. The bottom of the vessel contammg the measuring electrode is 
separated fioin Ihe fluid to be measured by a diaphragm bonded with a layCT of ureaze 
S and a layer of anbnonium ion sensitive diaphragm^ whereas the bottoms of the other 

two vesseb by a dialysis diaphragm. Accordi^ to Patent Specification US-4.476.005 
describing the above measuring assembly, the method is based on quantitative 
detomination of ammonium ions. 

10 Similariy, the method presented m Patent Specification US^3776.819 is also based on 

quantitative detennmation of ammonium ions, but here only two electrodes are 
employed. 

Since with both methods the quantity of ammonhnn ions raised by urea: on the 
15 diaphragm bonded with an cmqrae, both procedures ar<5 very dow, so 4ey are 

unsuitable for the process control of regenerating licpiids polluted by organic 
substances. 

Aii^^uipment^^ 

20 Si)ecificati6n US^:614:5t7; Here, a prbposal is made to hnprove the measuring 

^ accuracy by ideans of accurately S5)ccifying the characteristics of the diaphragm. 
Concentration of organic substances is brought into relation with the . amount of 
current. 
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Aiiotber similsff process for measuring sodium .hypochlorite is disclosed in Patent 
spedfication US-4.605.47. The measuring assraibly comprises Ifaree electrodes^ where 
the measuring electrode is a golden vnto. The polarizing electrode and Ae reference 
electrode are kept at constant potential, and tibacoirent flow is measured. This is 
5 proportional to the sodhon fayi^ 

tries to determine the hypochlorite*ion content in an mdirect way^ with an 
unsatisfactory result 

As it can be seen, the methods coiiristing of measuring eith^ the quantify of oigaiiic 
10 substances or that of tiie hypoclorite-ion content are based on using an 

etectrodiemical assembly comprising sevenil electrodes, but, due to fheir inaccuracy 
or slowness, th^ aro urisuitable for accurate and quick process contzoL 

DISCLOSURE OF INVENTION 

15 Our objective has been to develop such signal transmitters which are free from the 

drawbacks outlined alxive. The solution is baspd on the recognition that, on tiie cme 
hand, tiie measurement of tiie content of or]^ic substances caii be substituted by 
measuring the oxygen adsorption taking place at anode potential, because the organic 
substance content puts a restraint on the og^en absorptioit Qii the cfflier hand, 

20 concludon on the hydrochlorite coiitent at anode potential can be drawn from the 

current produced by the restoration of hydrochlorite-ion concentration, this current 
bdng tiie result of the following reactipii: 



CIO +HjO + 2e Cr + 20ff 



25 aO +2ir + e- HC10 + iy2Ha 
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Tteoigamo^substance cor^ th«s be measared 

also by a sm0e dectiocheimcd means, becau^ 

place ia separate half p«iods. It has also been recognized that the org^nio^bstance 
contbt is in close relati(« whh the time delay of oxyg^^ 
hypbdil6rite.i<m content is linked with the quantity of cumait pertaining to the 
regeneration. Finally, as we found that a continuous flow of liquid in the immediate 
surrounding of the measuring electrode has been found improving the accuracy, of 

nieasureme^ ' ' 

The invention is. thus, an equipment suitable for regenerating liquids, such as a 
dW^Bquid,polhitedwith«ganicsubstances.^^^^ 

and^^ active charcoal fiher, and diaracterized by an electrode syst«n of the 
electrolyzer composed of plates arranged parallel with eadi other and every other of 
fliifi being connected with each other to form the anodes and cathod«^ the cathodes; 
bdngfert^i5W5tf«bWi^ 

is"^^^ at flie level of said stripes |«pendiCi^ to them, ^^ile the liquid is . 
discharged onto the electrode system at a point laying ferthest away fiom the outlet,-, 
and when viewing in the direction of flow ftom the -iiilet connection toward the outtet 
comiection.theelectrolyzercomesfirstandflie active charcoal filter comes later, with 
a degassing assembly 'inserted between them, fintheimore a. zeolite filter.is 
accommodated srflw the active charcoal filter. 

Wi^ Mvantagwus embedhnent of the equipment <?>mplying with Aeinve^^ 
degassing assembly consists of a throttle connected in series m the duectiMi: of fluid 
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flow, a pump and a ireservoti' of a €ms&>sectipoal area relatively large as coipapastd to. . 
timtof^epipihg. 

In anofhor advantageous mto comp^g with flie invention, 

ascd3ndpiimpismsertedbdwecn4ezeoKte ffl outlet-pipe connecting fitting. 

In a third advantageous embodiment of the equipment complying witli flie invention 
a cooler is inserted at any point between fte electrolyzer and outlet-pipe comiection 
or second pump if installed. 

Willi flie jfourfh advantageous embodiment of the equipment complying with jbe 
invention, the cooler is integral^ built with Hkc reservoir of the degassing assembly. 

The fifth advantageous embodhnent of the equipment complying wMi the invention 
is characterized by the reservoir of the degassmg assembly being of epcloml design 
and piovided above the nomal fiquid level with a gas outlet connected throu^ a pipe 
into the electrolyzer at a point above npmal liquid level on the liquid-inlet side, and 
by having a throttling fitting mserted in the connectm . ^ : 

The sixth advanfiigeous (embodiment of the equipment complying Avith the invcntipn 
comprises an overflow port inserted between the eledrplyzcar and degassing assembly, 
or between the dressing assembly and outlet-pipe connection, or second pump if 
installed, where the delivery ou^ of said second pump is lower than that of thp 
pump of the degassmg assembly. 
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In the sevenfli ad^ntagpous embodiment of the eqdipme^ conaptying wWi the 
inveadon the ovaflow port is ammged on tiie diittet sade df the electrttyzer above 
normal Uqmd level, said port being coimectisd liHo^ 

its hi^iest point <^nmimicating wifli'the ambient atmospbae through an active 
5 diarcoatfiUer. 

In the eighth advantageous embbdimCTt of the equipm«it complying with the 
invention, an dectrodjcmical awedor is inserted between fte degassing assembly and 
active charcoal filter. ' 



10 



15 



20 



In the ninOi advantageous embodiment of &e eq^ 

the active charcoal fUter or zebiite filter is dedgned so that the filter Kiiusiiig is a 
plastic bag in which the filter filling is placed between two plastic nets writh the 
connectingpipesinsertedbetwcenthesealed ends oflhe plastic bag and plasticnets. 

Ouinictaistic of tfaetcnlh aiivkntag^ eqiiipment complying wifli 

flie invention is an oi^c substance sraisor mserted anywhere between the inlet-pqpe 
connection and the action charcoal filto; and a hypochferite sens* is inserted 
anywhere between tiie electrolyzer an«l the active ^iuw*il, £^ «» 
temperature detector, one pH-sensor and one pressiie soisof, flie latier' three bang 
connected to iflie inputs of mi electronic control unit, vsrhereas tiieieqw^ ou^ 
of tiie control unit issue rotating pulses to tiiet supply i^U of fhe kedrolyzir, to the 
pump of the degassing assembly, to tiie cooler and to the second piiii^, if ffiere is one, 
and to the supply unit of tiie decbrotytic corrector. 



25 
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The invaition relates, further^ to an electrochemical measuring device for the 
measurcmaatrfoiganic n^alOTal and hypochlorite-ion concentration, consisting of a 
vessel, a pm electrode, a polarizing electrode and a reference electrode, said vessel 
bdng provided with a liquid-inlet and a liqi^d-outtet connection and characterized by 
5 the polarisring electrode being connected to a continuously variable potMtial sapply 

uni^ and fte connections of the liquid admission pipe and/or liquid discharge pq» are 
located m the vicinity of th e point of the pin electrode. 

In an advantageous embodimait of the electrodiemical measuring device the liquid 
10 compartments around the reference electrode and pin electrode are separated firom 

each odier, said cpmpartairats bdng connected through a solid-electrode bridge, with 
the pomt of flic pin electrode accommodated in flie ^dnity of said solidpelectrode 
bridge. 

15 Finally, fte mvcntion also relates to a method for combined measurem«it of the 

organic material and^hypochlorite-ion cmtent, where wiflim said measuremrat the 
. liquid containing said organic material and hypochlorite-ion is led into an 

electiochanical vessd containmg tte pin electrode, polarizing 
, dcctaMte, the method bein 
20 J tiie polari2ang electrode witWn the anode<alhode range, and steadily mcrcasSng, first, 
the po>tential on the pin electrode up to the adsorption potential of oxygen and 
measuring the time reqp^^ 
, proportioMl toihecBBanicrnatcri 
the pin electrod fiom anode potential to cathode potential, and reoordmg the vahie 
25 of current measured in the potential range of hypochlorido-ion restoration, and 
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iniiMasteadyflcwofflwHqnidiind^ thepointofthepia electrode 



BRIEF DESOUPnON OF DRAWINGS 

The invention will now be described, by of e«inple illnstrated in the attached 
drawings, where: 

Figure 1 isthecinniHdi^^oftbeequipmentcornplying 

Figure2and3 show two sections offhediscaidiT)te filter 

Figure4 isaskctchoftheconibinksigpdtnrnsmitter,am 

Figure s iUustratcs the E-I diagram of the polarization of the Combined signal 

transmitter. 



BEST MODE FOR CAMlYilib Otrr THE INVENTION 
In Figure 1 the circirit diagram of equipment is shown that has been built fat 

regmeralingfliedfad^H^^^ 
that an invention can bci best presented by describing realized openrt^ 
built according to the inventioiu For the sake of a^ 
seveiai demons a^id imib Vvhich are -neither in princq^^^ 

' nc«ssaryferc^goat1heh^ 
20 ' wiA an artificial Iddney rhacWne. All this does not ij«Be' any confiision in 

,,,rie«toidfa«theinve^ 

of import^ceofthev^oiu,^ ltiiiiiridbei»intedortthattheequ^ 
described here isneilher an exchisive form of the invention, nor an exchisive field of 
its application. 
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tteeqdpmcntilliistrated 1 canbecoiipledtpthediatysisl^^^^ 

an artificial Mdnqr machine (not shown m the fignre) througji inlet-pipe connection 
1 andouflet-pipecomiection2*Asitisknown,thebasictadcistor^ 
mattas and todc substances from the dialysis liqiii<l daring its regeneration, which is 
5 done by means of dectiplym and filtering. 

Ihe mlet-pipe connection is led through a pipeline 3 to the electrolyscr cell 10 of an 
electiolyser 9. Anodes 11 and cathodes 12 consisting of metallic sheets ananged 
parallel with each other are immersed in said elcctrolyzcr cell 10. Material of the 
10 sheets is platimnn applied to a titanium base. Evoy o4er sheet connected form 

together the anodes 1 1 and cathodes 12. The surface of cathodes 12 is increased by 
vertical stripes 13 as if extending one of tiieir vertical edge& The electoode system 14 
condsttng of anodes 11 and calhodes 12 is connected to a sapply unit 15. 

15 The elednnle system 14 is arranged in fteelectroly^ 10 so that the discharge 

pipe 17 of the liquid is connected to the side of the electrolyso* cell at flie level of 
stripes 13 whereas the aibnission 16 is attached to the cell fodiest away from the 
disdiarge-pipe connection 17atthelowestpartorm&ebottomof the electrolyser cell 
' lObn fte side op[k)dte 10 said di^^ 17. The electrode systrai 14 

20 ^ is aoianged parallel to the direction of flow d^^ 

pipe 16 and; discharge pipe 17, whereas the stripes 13 stand upright assuming a 
' ' position peipendicdar to the direction of flow defined by the discharge ]^pe 
coimecdon 17; _ 
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TTbe discii^^^^ 17 of th clecfrolyseir 9 is connected through pipelin 4 to a 
degassing assembly 18. The dcsi^ of the degassing asswnbly 18 take diflferent 
fonns, cfr, a vessel filled with kasdiig rings or granules, aii ultrasonic degassing 
device etc In the eqtupment designed by us the d^assing assembly 18 consists of a 
5 thnrttle 19, a piimp 20 arid a resCTvohr 21 collected is series in the sequence defined 

by the dkcctioii of flow of the liquid. The cross-sectional area of rcsavoir 21 is 
oonsidiexably larger tiian that of the pipeline 4. 

Through pipelines 5 and 6, an active charcoal filtor ^ arid a zeolite filter 23 connected 
10 in seridi are coupled the degassing assembly. Said filters may be of any known 

desigri^ The ta^ being of biomedical nature^ whw sterility is very important either 
some solution lehdmg itself to easy stdilization or flie use df discardible means is 
required. Ibi Figores 2 sbd 3 an arrangement of the 1^ ^ 

15 The fflterhoicing consist 

The filtering medium 26 is filled into the space coiifined % the two plastic nets 25 
through a Ming orifice that is then sbaled by welding. Into each of the lower and 
upper edges of the plastic bag 24, fully separated fiom the imier space of the^latter, a 
PVCpipe29is attachedby welding fi>r the sole purpose of fixing the bag into the 

20 equipment Otheiwise, the matierial of t^^ 

identical with' thai of the ihfiision fittmgsusedriri^m 

the zeolite 23 is corinededto the disdiaige pipie conriec^on 2 through fripefi^ 
7and8. 

25 
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In principle, the imits described here would lendor the equiprnwit . suitable for 
xnaintainfaig file artificial Mdnqr nuudune m operation under a permanent load. Smce 
the axtificial kidney madnne is not designed for uang regenerated liqnid, but for being 
opaated wi& purified wato besides purity, properties of 

5 theiegoieiatedwaterhavetoberesbm^ 

the cleaning process, but inchision of said ofeer restoration niea^^ 

process advantageously support achievemmt of the principle ofif^ned t>y the invention. 

From the point of view of restoration an important phy^cat property of flie 

10 legeneratedUquid is of teoiperatuie. Adjustment of this param 

the liquid is heated m the electiplyser 9. Tlierefore, inclusion of a cooler 30 is 
required. Regarding its design, this 2Q»patatMS m^ be of any kind and could be 
aixanged anyyi^cre in the system. Yet, in the actual equipment, it has been located at 
the reservoir 21 of the degassing assembly 18. The advantage of this arrangement 

15 results fiomfte fact tiiat a fiqm 

at lower tanpoaturp, so , the efiScien^ of degas^g is improved by cooling. 
Otherwise, Ae copier 30 consists of semiconcbctor-type Peltier c^ 
side of reservoir 21 that are connected to supply unit 2L 

20 The other property requiring restoration is the pH-value of the liquid. This is achieved 

by the electrochmucal corrector 32 inserted between pipelmes 5 and 6. The 
electrochemical corrector is of a well-known design. Anode space 33 and cafliode 
^)ace 34 are separated by a diaplnagm 35, in our case made up of a ceramic material 
of ZrOj content The ca& de space 34 is connected with pipelines 5 and 6, whereas 
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the anode spice 35 through a conhbl valve 36 Wifli a liquid container 37. TTi Uqnid 
leaving the anode space 35 is discharged into tbe sewage system. 

Since the dialysis Uqdd may bnfy be ifed into the artificial kidney machine at a 
specified pressure, a second pump is installed heSoK the ouUet-pipe connection 
between the pipeline 7 and 8. 

In the artificial iddney treatments the reqditd flow of Uquid dep^ds on the type of 
treatment, therefore, since the regenerating equipment and artificial kidney machine 
constitute a dosed circulation system, a possibility of disposing the excess amount of 
liquid has to be i^disd for. For this jmrpose, eitiier a buffer tank or an overflow 
cmflet has to be inserted into the system. In prinaplei «iese c^ 
for the sake of controllability of the system, it is appropriate to adapt such a facility 
betweendcdrolyscr 9 and second pump 38. (Obviously it cannot be arranged between 
15 the internal fittings of the degassmg assembly 18 employed by us.) 

The removal of gases developing duringthe electrolysis has also to be catered for, 
since first fliat is why the dega^g itself is necessary. - . : 

20 The two tail have been solved by a method accbinpli*^ 

combined way: 

TTiereservoir 21 of fte degassing fitting 21 ii providied with a gas discharge orifice 39 
located above the norrnal liqmd leveL This is imrjioa^^^ 
25 where also the pipeline 6 is connected. The gas discharge orifice 39 is connected. 
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ttirough apipdiiie4piirtpT*ieh aifa^ 41 is inserted. elec^^ apoint 
above nonnal liquid level on the side whw adpaission 1^?^ 16 of flie liquid is 
connected. On the ccU 10 of clectrolyser 9, on the side of the dis«*arge pqje 
cxmnection 17, above normal liquid level an ovaflow orifice is provided to which a 
jiipdine 42 is atladied. Hie ofliw end of said pij^eBne 42 is led into a Kq^d container 
43. The Kquid container is expediently a liquid collecting bag commonly used in 
medical practice. The highest point of the liquid Container 43 is comiected with the 
ambient atmosphere by means of a pipeline 44 and through an active charcoal filter 
46. 

Finallyividienreqniredbytnaitmenttechn^^^ 

may also become necessary, A liqdd reservoir 57 contaming said sotation is 
connected tbrou^ pipeline 58 into pipeline 7. A manually op^^ 
is inserted in inpdtne 58. 



Obviously, in the system described here so many parameters have to be considered and 
regula4<?d that the tadc cannot be accomplisied by visual observation and 
intervention. Itegnlatiottis rendered esjiedally difficult by the steadily changing load 
imposed on fteeqdpmenl, gradually decreasmg during an artificial kidney treatment 
20 Therefore, the equipment has been provided with an automatfc 

The parameters to be controUed or to be kept at apeta&cd levels are the organic 
BMterial content, the hypochlorite-ion content, t^^ 
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tnmsmitte47,aliypoclitoritesi»^^ 

49. a pH signal transmitter 50 and a pressure signal transmitter 5 1 are comiect^ 

•ae organic material signal transmitter 47 may. be inserted anywhere bebveen inlrt- 
5 p|pecomiecti(ml^<>ufleti)^«Hin^ 
thetempcrahiresignalfcmsinitto 
electrolyza9,whereastheprcssure'agi^ 

second pump 38. Since, however, the pH vahie is influenced by the twnperature, the 
tenperature rigbal transmitter 49 has to be i&erted 
10 50. moreover, for similar reason, alsolhe drganic material signal transmitter 47 and 

the hypochlorite signal transmitter 48 should expediently be accommodated beside 
eadi oflier and tostailing a fiirthw tahprtatare signal transmitter 52 also .conn?«*ed to 
an mput of flie control imit 46. 

15 Ti,eo«^of4econlidunH46aiijliiik^ 

9, wKh dw Aivmg motor of pump 20, with the supply unit 31 of coolcr 30, with the 
supply unit 53 of the electrddicimcal coneddr 32 and with die drivmgflnotoTDf the 
second punq»38. 



20 



Considering that Ae ^gnal tiibsmittas'&emselves ite lowwnvdemeiitsijust as tiie 
coiitrolled fittings, bk the selection of them and thd design of electiomc iciicuitty of 
the control unit 46 are a ioutme task ft* a pfersdn skilled m the arti they are no new 
part of iie inveiition; so their detafled description can be Omitted, at dwfddfl?? noted 
that ttiemotois fpdmp20 tod second pmnp 38 are p^ 
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comcctiOT tlinwgh a safely valve between input and 00^ ends of fte Uquid system 
isprovided) 

The design of the equipment has been matched to ^e reqmremoits of a DIAMATB 
5 HDC type artificial kidney machine. Ayith this apparatus the required flow veloci^ 

of fte iiqrid is 400 to 600 ml/mm, wprfiratly 500 m 

circulatmg in the closed system consisting of Ae dialysis liquid system of &e artificial 
kidn^ machine and of the equipment corned by the mveqtion is 1.5 liters. 90 % of 
the oig^c material contait of Ae dia^sKqi^^ leaving the artifidal kidney maclune 
10 is urea, the quantity of which is 3 g/1 ^ flie beghming of Oxe treatment, reducmg to 

about 0.1 g/1 at its end. Further significMt ingredients present in the liquid are 
' creatinme» uric add, phosphates and some p^or toxfa^s and potassium ions. 

During the regeneration process, according to European standards, and assuming the 
IS most general 4-hpur iiuration of an artificial Iddney treatment, the quantity of 

contaminations to be deconaposed in 1 hour is on the avorage 10 g urea, to 2.5 g 
creatinme, 1.5 g uric acid and 1.2 g phospha^ and 1.2 g of K* ions are to be 
extracted. 

20 llieJ^ ahead/ mentioned luisfQ^l^^^ organic material content reduces 

r during artifidal kidney treatment With conventional ^alysis, this reduction is not 
linear^ smce the organic substances {»res^ the blood csin bp extracted quickly, but 
' after that any further amounts are released organism with difificnlty onty. 

^ T^^ imposes a strain on the jratient Thfe^ be solved by the 

25 regeneration, namely if regmeration is less than 100 %, t.e. part of the oiganic 
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material content is recirculated into tlie artificial kidney machine, the abslraction is 
lehdcrcd steadier. So, although thfc regeneration could be performed innnediately and 
' complete^. Ml n^McraUon can be achieved only once, at the very end of the process 
of artificial kidney treatment 

5 

The liquid entering the ecjuipment gets fust into the clectrolyser ?. Ten ampcrs current 
is fed by a supply unit 15 to ten anodes 1 1 and to ten cathodes 12, each of 0,5 
overall surface and spaced 0.4 mm apart, producing a high, 2.2. to 2,9 volt anode 
pbtsihtial measured bri the silver-dlverchlo^^^ 

10- ■ ■ 

During the electrolysis approx. 60 % of the organic material becomes fully 
decomposed, a small part of the remainder leaves the clectrolyser 9 as organic 
fragment (as intermediate compound of chemical transfonnatipa produced by 
"elcctrolysisX whereas tlie major part of the rcniatndcr is discharged in unchanged state. 

15 : - - - ■. . 

' Daring electrolysis hypochlorite eons arc formed in an amount inversely propo^onal 
to the quantity of decomposed organic substances. While flow, the liqiiid containing 
hypochlorite ions get vvilhin the clectrolyser 9 between the stripes llof cathodes 12. 
Here, major part of the hypochlorite ions is transformed, and such a liquid will leave 

20 the clectrolyser 9 fliat will have a maximum hypochlorite ion content of 100 mg/1. 

During electrolysis the tcmpmture of the liquid ri^cs by 2®C. 

: r Hereupon^ the Uqdd gels into the degassing as^ 

by puinp 20 of 700 to 800 mVmin througli an -SOOrHgmm throttle into rcscrypir 21. 
25 Under th ffect of the pressure reduction the gases produced^ 4<;^ripg clec^lysis 
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escsqie from the Kquid, and in reservoir 21, where flow of the liquid dec lerate^ due 
to Ihe increase ofcross-sectional area by 15-times with respect to Aat of pipeline 4, 
and bubbles emCTge fiom the liquid. Simultaneously, the liquid is recopled to inlet 
teinper a tnre by cooler 30> 

5 

The degassed, recooled liquid leaves fte reservoir 21 through pipe 5, while flie gas 
gc^ through gas discharge orifice 39 into pipeline 40 through which it is fed back mto 
the electro^fser 9. In fact, the medium is rathor a foamy substance than a gas, flmt is 
why it is appropriate to revert to feedback. The throttle 40 msaicd in jnpeline 40 
10 produces a pressure drop of 100 Hgmm and the purpose of throttling is to make the 

liquidfiow mto the ac^ve charcoal filter 22 undo: suitable pre^^ 

The liquid gets through pipe 5 into the cathode space 34 of flie electrpphraiical 
corrector 32. Electrochemical corrector 32 is supplied by the supply unit 53 with a 
15 ci]rrratofl50milliampeis at 3.5 volts. Itphysiologicdsdt^^ 

anode space 35 at a rate 2.5 mlAnin. The physiological salt solution gete fixxm the 
liquid container 37 thrbu^ control valve 36 into die anode space 35 and fifom here 
into the sewage ^stem of the building concerned. The liquid container 37 and the 
control valve 36 are standard infusion fittings generally used in medical piBctice. 

Otherwise, instead of the physiological salt solution ihe UF filtrate leaving the 
electrolyser 9 (in a way to be described finrdier below) can also be used. Here, 
* bj/^assing liquid container 37, ttie UF filtrate can be led fipom pipeline 42 throu£^ 
pipeline 54 (shown by a dotted line) into anod space 35, and through pipeline 55 into 
25 the liquid container 43. 
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From fhe dectrodicimcd cimc^ fee Ki^pid adgiisted to 7.4 pH v^ue gets Hmmgh 
pipeline 6 Grd into active charcoal filter 72 iad firoin here itito the zeolhe filto 23. 
Because of filtering no organic matoial fiagment will be present in Ae liquid entering 
^pelineWcn, the organic mataial residue will be 40% of that present in the fod-in 
5 UlpndyfeehypocUorit^ionGoiii^ 3 mg/1 andhisteadof apart oflheK^ 

ions it win contiiin Na* ions. ' " 

The r^^oated liquid gets, tiiioi# fntpeline 7, ferougb pump 38 and ^ugh pipeline 
8 inito the outlet-pipe connection 2. and flirciwigh the latter into the artificial kidney 
10 machine. The rated delivery ou^ut of Ae second piimp 38 is 600 ml/nain^ the 

ovciprcssure produced l^itis760 Hgnmm ( alO^ Pa). 

The difference betwiieri the deHvery ou^ut^ of pump 20 and sedmd |nm will 
have the resnilt that less water will return to the outlet-pipe connection 2 tiian fhe 
15 quantity ratemg fhe equipment Aiou£^ inlet-pipe connection 1. The diCGarence leaves 

fhe cycle as UF filtrate fhrougji an overflow orifice 56 provided on fhe electrolyser cell 
10 and flows ^trough pipeline 42 into the liquid container 43. ' ^ 

Through &e overflow orifice 56 diso fbe gases leculculated the d^assmg 
20 assembfy 28 escj^ A part of fKe gases developbg during fte electrolysis escape here, 

so the load unposed on the degassing assembly 18 is by that reduced in advance. 
Hiese gases escape fiom liijuid cbnteinSbr 40 through pijpefine 44 and active diarcoal 
iSltex 45 into fhe ambient atmoq^^ ^ ^ 
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Based on tbe knowledge of Iww fte eqmpm^t opoates also flte required legolation 
peifbimedtfy coitfrDlvnit 46 can fiilly beimderstoodbased on a. £sw addttipnal 

After smne cooecdtm of tiie agnals issued by the pigamc nutoial signal tr^ianitter 
47 and bypodilorite sijenal tcansnuttcr 48 made accoiximg tQ the agpal of temparature 
signal transmitter 52» the supply imit 15 is regulated by flie control unit 46 in the 
following way. 

As long as the oiganic material content is above 600 mg/1, the cmrent feeding tiie 
electrode process with max* 10 amps logarithmically decreases to 5 amps within the 
range between 600 ml/min. and 200 ml/tnin, disconnectmg below 200 mLtein. 

Regulaticm of die hypochlorite-ion content is simpler, no response of control miit 46 
takes place tfelow 100 mg/1 hypochlorite ion content, and above this level it sto|»s the 
electrpj^c process. , ^ , 

Signal of the pH signal tFansmittor is coirected by the control unit 46 according to the 
signal of the temperatures »gnal transmitter 49, and die current issued by the siqiply 
unit S3 of eledrochenucsd corrector 32 is regulated to the set value of 7.4 pH 
continuously fiom either pqsitiye or nc^gatiye deyialipn. 

; Ba^ <m die ^gnal iss^ by the. pressure signal transinttter 51, die jpm of the nciotor 
driving second punsp 38 is reduced or increased by means of pidse control mentioned 
already. 
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pimdiy, flie ^gnal the temperature signal thmsmtttd: 52 is directly utilized by the 
cbntiDl unit 46 by regulating the siqppfy unit 31 of the cooler 30 in flie function of 
temperature. 

5 Bqrond regenerating tiie dialysis liquid, the equipment can fidly perfonn the 

dianfection of medically prime impoilance. For this purpose the inlet-pipe connection 
1 and outlet-pipe connection 2 have to be connected with each other, and the entire 
system has to be filled with i^q^ological salt solution fix>m liquid reservoir 57. From 
the physiological salt solution hypochlorite ions are formed in the course of the 

10 electrolysis, which perform the st^lization. Afl^ circulating the solution through a 

definite pmod, the liquid may be dramed ofif. 

Ihiet-pipe coimection 1 and outlet-pipe' coimecticm 2 rna^ be connect eaicb'otfier 
aisx) for withiii the eqmpih«it the puipose of doing sterilization: Of course, for tiiat 
15 piopbse a mmi^ sbut-^ff fitting has to be insei^ into the connecting pipe. 

Separate signal transniittm for the indication of organic material content and 
hypocblonto^ion content are^^own iri Figure 1, for the'sake of simpUdfy antd of 
showing possible variants. For replacing them, a combined signal transmitter, a 
20 measimng device for measuring the o^anic material and hypocrite ion content, 

complying With the invc^ 

Vei^l 60 shoWn iii Figure 4 is divided in two liquid cumpaitmeiits 61 and 62. 
C6inpartinent 6i is fitted^ w^ 
25 63atitsmiddl . 
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A pin electrode 65 and a polarizing electrode 66 are placed inter tb Kquid 
oompaxtment 61* The pin elecbrode 61 is a platinnm filament of mm dia. with its 
point 71 arranged in the vicinity of boring 63. The polarizing electrode 66 is a plate 
bent to form the shape of letter "C**, its material being a platinum coating applied to 
5 atitanmmbase. \ . - , : . 

Into the Uqi]idcompsfftm€ait 63 areference electrode made iip of silver-sdlver chloride 
is immersed. 

10 Liquid compartments 61 and 63 are connected by a solid-electrolyte bridge placed 

under part 72 to the bottom ofvessel?©. 

On the side of liquid compartment 61, beside the bottom part 72, a liquid inlet 68» 
while at the heigjit of the i^iper edge of polarizing electrode 66, a liquid outlet is 
15 provided. Thecombined signal transmitter can be poi^led tfarougib tfiese connections 

into &e liquid system of the equipment (e;g., into pipeline 5 of the equipment fiftown 
in Figure 1). 

Theliqmdcc»npartment63isfilledwithap.9%s^^ . 

20 The pplaming electnnle 66 and the reference electrode 67 are. connected to a 

continuously variable potential siq[>ply imit 70, wh^resis tfae pin electrpcje 65 is linked 
with a measuring unit 73. Measuring unit 73 is connected through a control unit 74 
wi& said continuously variable potential supply u^^ (In the cfquipment i^ented 
in Figure 1 all Ihese: are part of tise control imit 46, so they are iiot separately sho^.) 



95/iDa559 



FCT/HDS4/00026 



27 

the combined measimng mefbod can be undetstood fiom ihs diagram of Figure 5, in 
wbi(* <m the Iwrnoiilal axis and bo the vertical aads Ae cnrnarts (0 

are plotted. 

FarmcasarmgflieOTganiciiiaterialcoiito is gradually polarized 

to anode [xrtenlial by riieans of polariiiiig electrode 66, and the variation of currait in 
the function of time is measurecL 

As already mentioned further above, flie measuring method is based on tiie fact tiiat 
tfie capAility of absbibing oxygen is reduced, if organic substances are present in tiie 
liquid. 

Therefore, tiie measnranoxt has to be carried out in flie range of oxygen adsorption. 
In spite of incrcarfng mode potent^ ffie airiCTt increases but scarcely over a section 
of the curved The diange starts at 1.18 volts, this ii tiie beguming of tiie range of 
oj^en adsoqition, ifir^ where on the curve starts to rise stdeply. It is apprbpriato to 
me^ure the variation ra function of time at 10 milliamps, smce above this vialue gas 
formation sets in, affecting the measurement 

If no organic materials are present in the liquid, the cidrVe setttnf; out fimn theknee- 
point voit^e of 1.18 volt reaches tiie 10-milliamp level in IJ s (see curve V). 
Presence of an brganic material crises a reduction of oxygen adsorptiob c^ability, 
soi loiig^ tune is reqimed to obtain the same adsorption (see curve The relation 
can be described as follows: 

t = a+b.lgC„ 
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t: is fhe time of oxygen adsoiptiont^^ 
aandb: coeflBcients obtained by experience, 

C^i volume concentration of organic material content 

To demonstrate tfie order of magnitude of values obtained fiom tiie above relation^ we 
ranaik that a tune duration of t = 2J s belongs to the v^]?^ of C„ « 3 g/1, which is a 
very high value in dialysis practice. 

10 To measure the hypochlorite content the pin electrode 65 is gradually re^olarized to 

cathode potential by means of polari2dng electrode 66. 

The already described feature of measuring the hypochlorite content is tiiat in the 
^ rangp of restoring the faypochlorite-ion content a negative peak appears in tiie current 
15 curve, Witii no hypochlorite ioius present in the liqui^ the curve» according to the 

characteristics of hydrogCT absorption, hardly raises nnttl about -500 nuUivoUs is 
reached, than it starts to rise steeply (see curve ""c"). 

If fayppddortte ions are present in the fluid, said negative cunent peak appears in the 
20 curve before -500 millivoHs, and the high^ is the hypochlorite ion conten^ also this 

peak becomes higher and its range widens (see curves "al", ^dl% "d3")- E-g-» ^th 
some hypochlorite-ion content said range lies between -500 millivolts and 400 
miUtvolts and Ihef curroit is -5 milliamps. Thus, the lijfppclorite-icm content can be 
measured based on the following equation: 



25 
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is the negative current vahie, 
are confidents deteimmed by expmence^ 
is the bypochlorite-ion concentration. 

The measurements have shown that the accural of Ae above relation dq)ends also 
dn the floW velocity of the liquid and on the washfaigK)fir of the pin electrode 65 

10 contmuously with the stieaniing liquid That is why the liquid is fed into the vessel 60 

fiom the side \4iere the point 71 of the pin electrode 65 is held, to tbake the liquid 
enter duough the mlet connection 68 flow along flie pin electrode 65 and to leave 
through liquid outlet 69. Expoience has shown ibat die accuracy of measurement is 
directly proportional witii the flow velocity of the liquid, reaching maximum accuracy 

15 A 20 qn/sL Wrflnri mieas u reme o t s pqformed by us» the maximum eriw at this velocity 

has bera 2.8 9^ with 2.1 % scattering of resul^^ 

Ibe catiiode potentid k inareased fiirtiie^ 

empirically is reached. This vahie has been fixed as 1.2-times the maximnnn negative 
20 current This has been found necessary, to allow the performance of measurements 

automatically, as detailed below: 

Pm elediode 65 is polarized to anode potoitial by means of tiie continuously variable 
potential supply unit 70 until +10 milliamps are indicated by the measuring unit 73. 



Where 
5 / cand d: 
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During Hiis period, fbe oigamc matoial content C„ is deteimined by measuring unit 
73. 

When "I-IO milliamps have been indicated by the measuring unit 73, based on ^ 
5 signal, a command is issued by contrpl unit 74 to tte continuously variable potential 

supply unit 70 to repolarize tibe pin electrode 65 to anode potential again, and tiie 
measuring cycle is repeated from the beginning. 

From fbe above description it vrill become clear tiiat tiie negative current value of tiie 
10 measuring process has to be chosen higher than that pertaining to the ospected 

hypodiiorite-ion content ito prevent tiie control unit 74. from initiating, even if 
acddratally, tiie diange of ppjUrity at that pe^ 

INDUSTiaALAPPIJCABIUlY 
15 . Since the regenmtion of the dialyris liquid of tiie artificial ki^ey machine is an 
extraordinaiy complex tadc, conridmng the number of Qiganic matqials being well 
over a thousand, it will be easy to see, witiiout further examples, that based on the 
invention,: it will be possible to implCTent a suitable equipofient for clearing liquids 
loaded with any odier lands of ocgs^ . , 
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CLAIMS 

L Eqwj^ent for regeneration of liquids contaminated by organic substances^ 
5 advantageously dalysis Uqiiids^ colDaprising an electiblyser (9) and an active charcoal 

filt^ (22), charactCTized in ttiat the electrode system (14) of the electrolyser (9) has 
sheets of which every other is connected to constitute tiie anodes (11) and cathodes 
(12X respectively, each cafliode (12) at the side of the discharge pipe (17) is extended 
upwards by a narrow stripe, the liquid-outlet connection being arranged at flie level 
10 of said stripes (13) perpendiculauriy to them, whereas the admission pipe (16) of the 

liquid to the electrode i^stem (14) is accommodated at a point situated the farthest 
away fibm die liquid-budet ccmnisction (17) of the eledrbfyser (9); looking fiom fte 
inlet-pipe oonnectiQn (2X the electrolyse (9) comes first and the active charcoal filter 
comes later, a degasang assembly (18) bdng inserted betweeii them, further, after said 
15 active charcoal filter (2) a zeolite fiher (23) is also accommodated. 

2. Equipmrat as claithed in Claim 1, charactcdsed in that the degassing assembly 
(l iB) consisfts of a tiirottle, apimip (20) and a res^ohr (2i)^ all connected in series 
when iooldng in died 

20 sectional area as coinpared to that of tiie adjoining pipelm^ 

3. EquipmCTt as claimed in Claims 1 or 2, characterised in that a second pump (38) 
is mserted f^tween fte 

4. Ecluip^^ as clahxli^ in any of Glaiims 1 3, charactmsed iii that a cooler (30) 
is inserted anywhere between Hhe electrolyser (9) and the oiutlet-p^ connection (2) 

25 or second pump (38), if there is one. 
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5. Bcpa^esA as claimed in any of daiins 1 to 4 diaiacteised in that the cooler (30) 
is integrally built with the resCTVoir (21) of the degassmg assembly (18). 

6. Eqotpmeait as claimed in any of Claims 1 to 5, characterised m that the reservoir 
5 (21) offted^asangassembfy is ofa closed design, said resa^ 

wilh a gas discharge line (39) above nonnal liqp^d level, connected fliroag^ a pipeHne 
(40) into said dedrolyser (39) on Ihe side of the admission pipe connection also above 
normrf Uqpid leveU a trottle (41) inserted in A^^^ 

10 7. Equipment as claimed in any of Claims 1 to 6, characterised in ftat between Ae 

eleclrolyser (9) and d^asang assembly (18), or between 

and, outlet pipe connectipn (2) or second pomp (38), if there is cme installed, an 
overflow orifice (56) is inserted, andtiie delivery ou^ of sdd second pomp (38X if 
installed, is lower than that of the pomp (20) of Ihe degassmg assembly (18). 

15 . , . 

8. Equipment as claimed m any ofClaimsl to 7, characterised in that the overflow 

orifice (56) is provided cm the side of the discharge pipe connection (17) of flie 
electrolyser (9), above nonnal liquid level, and is connected to an enplosed liquid 
p contamer (43X the higjiest pomt of which is led tiirpugh an active chaico^ filter (45) 
20 into the ambient atmosphm^ 

9. Equipment as claimed in ai^ of Clauns 1 to 9, characterised in that an 
dectiochemic^l conectorC32) is ii^^ (18) and the 
active charcoal filter (22). 
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10. Bqoipiiieiit as daime^^^ f aahns 1 to 9, characterised in that an 

^ charcoal filter (22) or a zeolite filter (23) is designed so that the fil^ housing is a 
plastic bag (24), in which Re filling (26) is confined 
Ae omectingpipes P8)insatedbetvi^ flied^ 
5 tiie plastic nets. 



11. EqoipmeDt as claimed in any of Claims 1 to 10, characterised in tiiat anywhere 
between the inlet-pipe comiection (1) and active charcoal filter (22) an organic 
inaterialisipaitraDa^^ active 

10 charcoal fiher (22) a hypbchlorite signal tranroiitter is inserted, furflier, at least one 

teffii^tiffe signal twbanitto andapressine 
Wgbd tnmsoiittoisc^ control unit (46), whereas 

^'^^(Ini^^ (15)offheelectrolyser 
^ (9X wifh&eihinig) (20) of flie degassing assembly (18, with the cooler (32), with the 
15 second pomp (38)» if &ere is one installed and with the supply unit (53) of the 

eiectrochdnWccMT^^ 

12. Kfeasuring device for mdiisiiring dganic tiaterial and hypochlorite-ion contents 
ccmsastiiig of a veissel (60)^ a; pin electtode (65), a poUnizing electrode (68) and a 

20 reference electrode (67), wifii the Hqnid inlet and liquid outlet provided on said vessel 

(60), characterized in fliat the polarizing electrode (66) is coimected to a continuously 
variable potential supply unit (70) and &e liquid mlet (68) and/or the liquid outlet 
(69) is located near Ae pofait (71) of the electrode (65). 
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13. Measormg device as clahned in Claim 12, characterised in that the liquid 
- - compartments (61, 62) sinrounding the reference electrode (67) and pm electrode, 

separated from each other, are connected thK)ugh a soKd 

the point (71) of the pin electrode is located m the vicinity of the solid-electrical 
5 bridge(64X 

14. Method for measuring the organic material and Iqrpochlorite ion contents in 
which liquid contahiing 4e organic matwi^ and hypoclorite ions is led into an 
electrochemical vessel (60) incorponrtmg a pin electrode (6^^^ 

10 (66)j and ai^fcrrace electrode (67), characterised in tiiat the pin electrode is cyclically 

polarized in the range .of Ae anode to caihode potential l>y means; of the polari2dng 
electrode (65)^ and producmg on the pm eli^^ 

anode potential up to the value of the adsorption potential of <?xygen andmeasnrmg 
tiie time logarithmica% proportipnal with the organic material content, elapsing nntil 
15 a predetermined value of current is readied, then steadily repolarizing the pin 

electrode (65) fiom anode potential to catiiode potentid, and measuring, in tiie 
potential range of restoration of hypochlorite content, the level of current dffecfly 
proportional to the hypocUorite 

tested in tiie vicintly of the point of the pin electrode during the nieasniranent 
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